As West Africa investments grow, the decision in which country to begin investment is of great importance to investors. The complexity of the criteria involved draws us to use a Multicriteria Decision-Making (MCDM) approach to address this problem. In this paper, we use grey numbers in representing ranges of data and propose Grey Weighted Sum Model (GWSM) for evaluating and ranking of alternatives. Sensitivity analysis is carried out considering wide ranges of uncertainties to verify the changes that can affect the results. The Gambia is ranked the best country in West Africa. The GWSM is highly recommended for long-term investors because GWSM considers the uncertainty of a business environment over a period of years. Finally, GWSM can be used in conjunction with various weighting techniques putting the preferences of the investors into consideration.
Introduction
West Africa is becoming part of the growing economy, and it is a land of opportunities. The Economic Community of West African States (ECOWAS) includes 15 member countries rich in mineral resources and with millions of consumers. As businesses grow and want to expand their services to more countries, the country to begin investment is very important to the investors. The ability to rank a country in relation to others after evaluating their business environment gives an investor a quick insight in making a decision on where to invest its resources for a good turnover. A poor decision can easily lead to business failure and a huge loss to the investor. Thus, the techniques and approaches for evaluating the business environment of various countries are indispensable. Not only does the investor benefit from businesses but also it plays a significant role in the growth of poorer countries [1] .
For businesses to be successful, there is a need to balance short-term and long-term goals in an uncertain business environment like West Africa. There are some levels of doubt for an entrepreneur who has not invested in West Africa. Selecting the country to invest in West Africa becomes complicated across these countries considering several criteria and the level of unequal uncertainties. One of the symptoms of a poor decision is ignoring uncertainties [2] . When doing business in West Africa, uncertainties should be analysed and anticipated. Every good Decision Maker (DM) knows that there are uncertainties investing in West Africa. However, when these uncertainties are considered in decision-making, it increases the DM's confidence on the decision outcome [3] .
The World Bank (WB) launched the Doing Business Project (DBP) in 2002, making available annual objective measures of business regulations and their enforcement across 189 economies to the public. The DBP delivers the ranking of various countries' business environment annually. The data provided by DBP/WB encourages countries to work towards better regulations and reform benchmarks. Also, the data provides resources for academics, journalists, researchers, and those interested in the business environment of various countries [4] . However, the ranking values provided by the DBP are annual values that do not reflect the business environment performances over a period of years. Since most businesses are not expected to survive for just a year of operations, it can be erroneous for investors to make a decision from a single year of objective measures and ranking of the business environments, especially for the long-term investment.
The evaluation of business environment is addressed using Multicriteria Decision-Making (MCDM) approach, which can handle multiple conflicting criteria and closely 2 Mathematical Problems in Engineering related alternatives. Future data cannot be known from only current data, but it is most likely that future data may be within the ranges of already known past and current data, which are represented as interval grey numbers. Although the uncertainties of the future are absolute, grey numbers are used to model the uncertainties of the future caused by incomplete and insufficient information in making an investment decision. This paper proposes an original approach, called Grey Weighted Sum Model (GWSM), in evaluating the business environment in West Africa by accounting for uncertainties over a period of years. The contributions in this paper are twofold. Firstly, we address a major problem not covered by the DBP, that is, ranking countries over a period of years considering the degree of uncertainty in the country as well as investors preferences represented as criteria weights. Secondly, we extend the traditional Weighted Sum Model (WSM) by using grey numbers to represent performances of evaluation criteria that may vary from time to time.
This work is presented as follows. Section 2 is Literature Review and Section 3 is Grey Weighted Sum Model (GWSM). Section 4 presents the results and some discussions. The sensitivity analysis using GWSM is given in Section 5. Finally, a conclusion is drawn in Section 6.
Literature Review
There are several methods for solving and evaluating selection problems in MCDM [5] [6] [7] . Some of these methods include the Analytical Hierarchy Process (AHP) developed by Thomas Saaty for evaluating alternatives by comparing all the criteria of the alternatives [8] . The Analytical Network Process (ANP) was later introduced by Thomas Saaty as a method to evaluate alternatives with interdependent decision criteria and alternatives [9] . Zavadskas et al. developed the COmplex PRoportional ASsessment (COPRAS) for evaluating alternatives which measure the complex efficiency of an alternative as a proportion of the minimum and maximum criteria values [10, 11] . Data Envelopment Analysis (DEA) is a method for evaluating the effective efficiency of decision-making unit. Shakouri et al. [12] used the DEA in conjunction with Simple Additive Weighting (SAW) to assess power supply technologies. Elimination and Choice Expressing Reality (ELECTRE) was developed as early as in the 1960s [13] and has had more than four major iterative improvements to address the problem of not being able to rank alternatives. Several improvements that have been introduced to ELECTRE include ELECTRE I-IV, ElECTRE-IS, and ELECTRE-TRI [14] . Technique for Order Preferences by Similarity to an Ideal Solution (TOPSIS) was introduced by Hwang and Yoon [15] in selecting the best alternative as a compromise solution. TOPSIS method selects the alternative with the shortest distance to the ideal solution and farthest distance to the negative ideal solution; these distances are usually measured as Euclidean distances. Evidential Reasoning Approach (ERA) [16] evaluates alternatives with qualitative and quantitative criteria based on Dempster-Shafer (D-S) theory of evidence [17] with some level of ignorance. Grey Relational Analysis (GRA) [18] is based on the Grey System Theory (GST) and uses the relative relational coefficient of evaluation alternatives to the ideal alternative in determining the best alternative. Multiattribute Utility Theory (MAUT) [19] is a classical method for evaluating alternatives by aggregating the satisfaction obtainable from every criterion measured as utils. Preference Ranking Organization Method for Enrichment of Evaluation (PROMETHEE) [20] was developed by Jean-Pierre Brans, which is an outranking method. Researchers have widely accepted PROMETHEE, and they have developed it to a fully ranking technique. Superiority and Inferiority Ranking (SIR) [21] is a combination of the WSM and PROMETHEE, where WSM is used for aggregation of procedure and PROMETHEE for ranking procedures. Simple Multiattribute Rating Technique (SMART) [22] is an MCDM method in which the DM assigns points to every criterion for all alternatives as well as the relative criteria for estimating the weights for evaluation. SMART Extended to Ranking (SMARTER) [23] is an improvement of SMART by using rankings of the criteria for weight estimation.
The relative importance of evaluation criteria for an MCDM problem is expressed using weights by the DM(s). With clear goal and alternatives, the method of assigning weights to the evaluation criteria must be determined by making sure that it can produce the most accurate ratio of the criteria based on the relative levels of importance. Subjective or objective weighting methods [24] for MCDM problems can be used in determining the weights. For instance, group decision-making process can be used in estimating the weights, as well as the introduction of linguistic value because of the way humans think [25] . Li et al. [26] applied grey arithmetic mean weighting method in aggregating the group weights of DMs in software selection. Wang [27] applied this same technique to the selection of personnel using grey linguistic values for measuring the preferences of the group DMs. Similarly, Bai and Sarkis, Kose et al., Kuang et al., and Mehrjerdi [28] [29] [30] [31] all used grey arithmetic mean in computing the weights of criteria in a group decision-making environment. Kang et al. [32] applied grey geometric mean in aggregating the weights of the DMs to determine the suitable meeting location based on the service offered and the preferences of the DMs. Grey correlation operators can be used to compute the relationships among all the DMs preferences and assign weights to the criteria based on the dependences in the relationship of the preferences [33] . Other grey correlation operators are Interval Grey Linguistic Variables Ordered Weighted Aggregation (IGLOWA), Interval Grey Linguistic Correlated Ordered Arithmetic Aggregation (IGLCOA), and Interval Grey Linguistic Correlated Ordered Geometric Aggregation (IGLCOGA) [34] . Jin et al. [35] estimated the weights of the criteria using grey harmonic operators, which is based on the number of occurrences of the weights assigned by the group of DMs. Esangbedo and Che [36] proposed the Grey Rank Order Centroid (GROC) weights for group decision-making and applied it to evaluate African business environment in a specific year, rather than over a period of several years addressed in this study, based on the GRA method.
The main techniques closely related to this paper are WSM and GST. WSM can be described as a weighted linear combination or scoring method [37, 38] . The WSM is also called SAW, and for consistency in this paper we use the term WSM for both WSM and SAW [39, 40] . WSM is a representation of the DM's preferences in a linear additive function [41] . Triantaphyllou and Mann [42] examined the effectiveness of decision-making methods and pointed WSM as one of the simplest methods for solving MCDM problems. The best alternative is the one with the maximum score satisfying (1) after transforming all measurement criteria to a single dimension:
where * WSM is the score of the best alternative, represents the value of the th criterion of the th alternative, and corresponds to the weight of the th criterion, where 1 ≤ ≤ and 1 ≤ ≤ . From (1), the intuitive nature and ease of dealing with MCDM problems can be seen, and this simplicity makes WSM one of the most important methods for both exploring possible solutions for an MCDM problem and providing solutions in comparison to other methods [5] . A lot of MCDM methods, including the AHP and PROMETHEE, use weighted sum aggregation technique in selecting the best alternative [38] . Structuring of an MCDM problem can easily be done using WSM by making sure that the problem has a clear objective, criteria, and alternatives. The standardized scores using the WSM have an equal relative order of magnitude because the linear transformation is proportional to the raw data. The simplicity of implementation provided by the WSM is a form of transparency of the model to the DMs [43] . WSM method has been improved and applied in many areas over the years. Goh et al. [44] introduced revised weighted method to WSM to reduce the effect of enormous dissimilar decision preferences on the decision results by eliminating the minimum and maximum rates on the decision criteria during the evaluation process. Triantaphyllou and Lin [45] introduced fuzzy numbers and WSM combination approach. In simplifying the complexity and reducing the round-off errors introduced by using fuzzy numbers in WSM, Modarres and Sadi-Nezhad [46] used preferences ratios in comparing fuzzy numbers. Chou et al. [40] proposed a fuzzy simple additive weighting system in determining the best location for facilities in a group decision-making environment. Zavadskas et al. [47] combined weighted product model and WSM to form an evaluation method called Weighted Aggregated Sum Product Assessment (WASPAS). Then Zavadskas et al. further extended WASPAS to interval-valued intuitionistic fuzzy numbers as well as grey numbers because of the vagueness in human judgement and preferences [48, 49] . Stanujkic and Zavadskas [50] introduced compensation coefficient values to WSM helping DMs select among the best ranking alternatives and the alternatives that best meet their preferences. Chen [51] applied WSM in group decision-making by using interval type-2 fuzzy sets for linguistic and incomplete preference measurement. Wang [52] addressed the drawback of fuzzy multiplication in WSM by using relative preferences to represent the weights of the criteria. Zamri and Abdullah [53] combined linear programming and WSM in the context of an interval fuzzy set for ranking alternatives. Xu et al. [54] proposed a discrete model for conflict-elimination for determining the weights of group experts in decision-making and applied it to WSM in choosing the best alternative.
GST is a mathematical concept of grey set developed by Professor Deng [55] . GST is a method capable of solving uncertain problems with incomplete information and discrete data. GST deals with information between a black and a white part, which represent unknown and known information, respectively. GST has different sections that include GRA, grey decision, grey programming, grey prediction, and grey control. Grey numbers are used in representing systems with incomplete information. GST has been applied in business management like project management and planning, as well as the stock market and portfolio selection [18, 56, 57] . When considering MCDM with the advancement to grey numbers, Xu and Sasaki [58] extended the technique of order preference by similarity to ideal and anti-ideal alternatives by measuring the closeness coefficient to the ideal alternative using grey numbers. Li et al. [59] used arithmetic mean for group weights of Grey Possibility Degree (GPD) that provides the position relationship between two grey numbers for ranking. Turskis and Zavadskas [60] applied grey number in Additive Ratio Assessment (ARAS) for ranking. ARAS is a ratio of the optimal value of the alternatives to the optimal value of the ideal alternative resulting to utility degrees. Liu et al. [61] proposed a method for ranking interval numbers based on a normal distribution and used it to optimize the mining methods. Mousavi et al. [62] addressed the problem of uncertainty in multicriteria optimization and compromised solution by using grey numbers in VIKOR method for ranking material handling equipment. VIKOR is an acronym for the Slovenian phrase "VlseKriterijumska Optimizacija I Kompromisno Resenje in Serbian" which means multicriteria optimization and compromise solution. In contrast to TOP-SIS, VIKOR calculates the relative alternative distance to the ideal solution. Oztaysi [63] combined grey number with AHP for weighting the criteria and used TOPSIS ranking method for the selection of Content Management System (CMS).
Zavadskas et al. [64] proposed Simple Additive Weighting with Grey (SAW-G) number and applied it in contractor selection for construction works. Also, SAW-G was applied in evaluating the performance of rural ICT centers in Iran [65] . Nonetheless, the SAW-G technique does not completely show the degree of uncertainty in ranking because the boundary distances between the lower and upper bounds of the grey numbers are not considered in the evaluation. For example, suppose the evaluated investment outcome measured in units for the first and the second investment alternatives represented by grey numbers are ⊗ 1 = [ , 7 ] and ⊗ 2 = [3 , 5 ] , respectively. That is, the investment outcomes of the first alternative is between and 7 and the second alternative is between 3 and 5 . Using the SAW-G technique, the white value of these two investments is 4 . Although these investments have the same white value, the degrees of uncertainties are not equal. From the grey numbers, the first investment has a greater degree of uncertainty than the second investment. In other words, we are more guaranteed about the outcome of the second investment. The GWSM addresses this limitation.
Grey Weighted Sum Model
GWSM is an extension of the WSM based on grey numbers. For this model, we use an interval type of grey numbers to model the uncertainties. A grey number with lower and upper bounds is called an interval grey number and it is represented as ⊗ = [ , ] , where and denote its lower and upper bounds, respectively. Some basic operations of two grey numbers ⊗ = [ , ] and ⊗ = [ℎ, ℎ], where ℎ is the lower bound and ℎ is the upper bound, are as follows [66, 67] :
If is a white value, that is, a real number or crisp values,
The traditional WSM makes use of real numbers for the evaluation of alternatives. Interval number is a form of uncertain values, and GST deals with uncertain values that are represented as interval grey numbers [68, 69] . The main goal of considering uncertainty in decision-making is to provide the DMs with a holistic view of the decision problem to deliberate and reason confidently [70] . In dealing with uncertainty in decision-making, introducing GST to WSM is introducing reasonable slacks to the performance of the alternative that will be used in the evaluation for decision-making. Business environment is dynamic; for example, government policies, natural environment, taxes, interest, and exchange rates do change. GST is designed to analyse systems with incomplete information and systems whose ranges of performances are known. These ranges are represented as grey numbers. In the traditional WSM, the values of the criteria and weights are fixed values, but for some MCDM problems, the performances of criteria may vary within a range of values. WSM cannot be used to evaluate alternatives with varying performances of the decision criteria. The inability for the WSM to evaluate alternatives with uncertain criteria measurement represented as interval numbers is the limitation of the traditional WSM that the GWSM addresses. The primary concept of GWSM is using weighted grey numbers of the evaluation criteria for the assessment of alternatives and putting the degree of uncertainty into consideration using the boundary distance of the criteria. Its main procedure is explained as follows. Firstly, we construct a grey decision matrix and calculate a normalized grey decision matrix. Then, we aggregate the weighted normalized grey decision matrix to obtain a grey value for all alternatives. Next, the boundary distances of the alternatives are calculated and used in estimating the white values. Lastly, these white values are ranked to determine the best alternative. The GWSM steps are given below.
Step 1 (construct the grey decision matrix). The decision matrix is represented by = (
where ⊗ = [ , ] , which represents the grey number of the th criterion of the th alternative. Also, every alternative can be written in a vector form:
Step 2 (normalize the grey decision matrix). The normalization step is to make the criteria measurement in the same direction. Cost and benefits preferences are in two directions of measurement. For the benefits preferences, that is, the higher the value, the better the value, they are normalized as follows:
For the cost preferences, that is, the smaller the value, the better the value, they are normalized as follows:
Then, a normalized decision matrix is constructed: * = (
In a vector form, we define * = (⊗ * ,1 , ⊗ * ,2 , . . . , ⊗ * , ) .
Step 3 (determine the weights of the criteria). The weights used for the criteria are those assigned by experts or obtained from the DMs using any of the techniques in Section 2. Either grey weights or white (crisp) weights, that is, weights in real numbers, can be used in this step. Ideally, grey weights should be used when there is some level of uncertainties about the weights. For grey weights,
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where ⊗ = [ , ] and ∑ =1 = 1. Therefore, the scaled grey weight is
For white (crisp) weights,
where is the weight of the th criteria. Then, after scaling, we have
where = / ∑ =1 and ∑ =1 = 1.
Step 4 (aggregate the weighted decision matrix). This step is the sum of the weighted normalized criteria for all the alternatives:
For grey weights,
Therefore,
where ⊗ = [ , ] is a grey number, which represents the weighted sum of all the criteria for the th alternative.
Step 5 (obtain the white values of the alternatives). This step is key in transforming the grey number to a white number. Whitenization is conducted using the following equation:
where the whitenization coefficient ∈ [0, 1].
Step 6 (determine the boundary distance of the alternatives). In this step, we calculate the degree of uncertainty, , for the th alternative. is defined as follows:
when = 1, the boundary distance is the Manhattan distance; when = 2, the boundary distance is the Euclidian distance; and when = 3, the boundary distance is the Minkowski distance with 3rd degree.
As tends to zero, theoretically, the stability of the outcome for the future investment tends to 100%. In other words, there is no uncertainty.
Step 7 (rank the alternatives). In ranking the alternatives, the uncertainty of the white value obtained in Step 5 is considered in calculating the rank scores. Knowing the degree of uncertainty, we can estimate the degree of certainty since the sum of both degrees is a value of one. The rank score is the product of the white value and the degree of certainty as follows:
From the above formula, as uncertainty decreases and the white value increases, then the rank score increases, resulting in a better rank value. From the rank scores, relative percentage rank scores of all alternatives to the best score are also calculated. The alternative with 100% is the best alternative. Percentage rank scores are computed as follows:
We note that the above procedure is similar to the one proposed by Zavadskas et al. [64, 65] . However, we take into account the degree of uncertainty and grey weights in our procedure. It is not uncommon to see hybrid approaches in solving MCDM problems, for example, Fuzzy-AHP, Fuzzy-TOPSIS, Grey-AHP, and Grey-TOPSIS [71] [72] [73] [74] . The approach we propose above can be combined with different weighting approaches to form several hybrid methods, for instance, using fuzzy weight method to form a fuzzy-GWSM and pairwise comparison weighting method to form an AHP-GWSM method.
Results and Discussion
In this study, we use GWSM method for evaluating business environment of West African countries. Weights help to recognize the relative importance of the decision criteria, and they have a direct influence on the ranking of alternatives.
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Measuring the weights of criteria is part of the problem in the evaluation of alternatives; the DBP used equal weights in evaluating these countries. The preferences of some investors are used to estimate the weights of the evaluation criteria using the GWSM method. We use the region of West Africa for our sample, and the data for these countries are obtained from the DBP database, which are then transformed to grey numbers. The transformation is done by using the lowest and highest measurement values of these countries for every criterion between the year 2008 and the year 2015 as the lower and upper bounds of the grey number. The grey numbers of these criteria and the weights are aggregated to give the weighted grey number for each country. Ranking operations are done using GWSM method, and sensitivity analysis is carried out to obtain ranges of ranking results.
Evaluating Business Environment in West Africa.
For this work, we focus on West African countries. According to Encyclopaedia Britannica [75] , the western African countries include Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Côte d'Ivoire, Equatorial Guinea, the Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, and Togo. In total, 19 countries are evaluated. These countries are indexed from 1 to 19 in alphabetical order, Benin has an index number of 1, Burkina Faso has an index number of 2, and Togo has an index number of 19.
The decomposition of a complex problem into a hierarchy is a very common method for solving problems similar to the "divide and conquer" approach. Table 1 shows a hierarchy of the evaluation criteria given by the DBP [36, 76] . The hierarch, the goal, is "Business Environment of Countries." The first-level hierarchy is the first-level criteria and the second-level hierarchy is the second-level criteria. The second-level criteria are indexed from 1 to 37 as given in Table 1 . The DBP gives a comprehensive explanation of these criteria at http://www.doingbusiness.org/methodology. These countries are evaluated based on the criteria presented by the DBP.
Using the GWSM, we present an evaluation of the business environment in West Africa. Following the steps in the previous section, the evaluation is presented below.
Step 1 (construct the grey decision matrix). The decision criteria are shown in Table 1 . There are in total 37 secondlevel criteria indexed from 1 to 37. The values of the secondlevel criteria obtained from the DPB/WB database from 2008 to 2015 are transformed into grey numbers using
where
where V is the value for the second-level criteria for country given by the DBP for the year 2008 to year 2015, 1 ≤ ≤ 19, and 1 ≤ ≤ 37. To simplify the notation, we define = (⊗ ,1 , ⊗ ,2 , . . . , ⊗ ,37 ). For example, 1 = ( [7, 10] , [12, 34] , [55.8, 198 [11.7, 11.9] , [3, 6] , [1, 1] , [7.8, 10 .9], [0, 0], [6, 7] , [1, 1] , [3, 5] , [55, 55] [7, 8] , [25, 34] , [987, 1101] , [7, 9] , [25, 38] , [1222, 1569] , [750, 825] , [64.7, 64.7] , [41, 42] , [4, 4] , [14.5, 21.5] , [16.7, 22.6] ). Other data are omitted here, and the complete data are provided by the DBP at http://www.doingbusiness.org/custom-query. The first element of the vector 1 is ⊗ 1,1 and it corresponds to the number of Procedures in Starting a Business in the Republic of Benin with a lower bound of 7 and an upper bound of 10. All the elements of the vector have similar corresponding lower and upper bounds to the second-level criteria of every country.
Step 2 (normalize the grey decision matrix). A normalized grey decision matrix is constructed using (8) . Step 3 (determine the weights of the criteria). Grey linguistic values are used to estimate the weights of 7 DMs based on the group aggregating technique used by some authors [26] [27] [28] [29] [30] [31] . The DMs are some Chinese investors that want to invest in Africa. A questionnaire in Chinese was designed to obtain the weights of the criteria. Grey linguistic values are used to measure the DMs' preferences in weights as shown in Table 2 . The raw data can be found in [36] .
Due to its simplicity of implementation, the grey arithmetic mean method is used to aggregate the weights ( ). The weights are scaled such that the summation of the upper bounds of the scaled grey weights is a unit value. After scaling using (11) 
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Step 4 (aggregate the weighted grey decision matrix). The aggregated weights are calculated using (15): 
Step 5 (obtain the white values of the alternatives). From (19) , where the center whitenization coefficient of = 0.5 is taken, we have 1 = 0.5301, 2 = 0.4796, 3 = 0.5712, . . . , 19 = 0.5165. The results for Steps 5-7 are shown in Table 3 .
Step 6 (determine the boundary distance of the alternatives). Using Manhattan distance for measuring the distance of (20), we have 1 = 0.4157, 2 = 0.3910, 3 = 0.4040, . . . , 19 = 0.3866.
Step 7 (rank the alternatives). The rank scores are calculated using ( Ranking these countries from the 1st position is as follows: the Gambia > Cape Verde > Ghana > Equatorial Guinea
Equatorial Guinea is ranked the 4th position, it has the lowest degree of uncertainty for investment outcome with a value of 0.3379. Sierra Leone, the least ranked country, has the highest degree of uncertainty with a value of 0.4533 as reflected by the boundary distance.
Comparison between DBP and GWSM Results.
The DBP uses equal weights for the evaluation of business environment. Equal weights may be regarded as an acceptable representation of the criteria weights when the weights are unknown. Nevertheless, there is little or no disadvantage in measuring the weights of investors who intend to invest in West Africa. The investors can be regarded as the DMs. Table 4 shows the cumulative performances and rankings of West African countries based on the evaluation method of the DBP from the year 2008 to 2015 [77] . The DBP rankings for the year 2008 to 2015 are compared with the GWSM from the year 2008 to 2015. Figure 1 shows a clustered bar graph with the results of these two methods where the rankings of the cumulative DBP, GWSM using grey weights, and GWSM using equal weights are represented as white, solid black, and checkerboard fillings, respectively. Firstly, we compare the GWSM using grey weights with DBP method. The ranking for each country changes using both methods except Cape Verde. The Gambia is ranked the 1st position using the GWSM and Ghana is the 1st position using the cumulative result of the DBP. However, Ghana is ranked the 3rd position. The ranking of Cape Verde, the 2nd position, is unchanged using both methods. The Gambia is ranked the 3rd position using the cumulative DBP method. Although Sierra Leone is ranked the 4th position by the DBP method, the GWSM ranks Sierra Leone the 19th position because of the highest degree of uncertainty with a value of 0.4533 measured as the aggregated boundary distances. Sierra Leone has some very poor performance in some criteria; for instance, the cost of starting a business, the number of procedures in getting electricity, and the cost of enforcing contracts have grey values of [38, 1180.7] [46, 46] . Similarly, Nigeria is ranked the 18th position using the GWSM which has a degree of uncertainty of 0.4533. A corresponding moderate degree of uncertainty in Togo's business environment (0.3866) has improved its ranking from the 16th position using the cumulative DBP method to the 8th position using the GWSM.
Secondly, we make a comparison of both methods using equal weights. We acknowledge the importance of weights in decision-making. The DBP uses equal weights for the evaluation of business environment. For a balanced comparison between the DBP method and GWSM, we also present the GWSM using equal weight. Equal weights are real numbers. 
The ranking of West African countries from the 1st position is as follows:
Based on equal weights, the Gambia is still ranked the 1st position using the GWSM, and Ghana is the 1st using the cumulative result of the DBP. But after considering uncertainty over the period of the year 2008 to 2015, Ghana is ranked the 2nd position with Cape Verde the 2nd position using DBP method. Also, Cape Verde is a rank lower, the 3rd position, using the GWSM, and the Gambia is then ranked the 3rd position using the DBP method. Chad, which is ranked the 19th position using the DBP method, is ranked the 16th position using GWSM. Although Sierra Leone is ranked the 4th position by the DBP, GWSM ranks Sierra Leone the 19th position because of the highest degree of uncertainty with a value of 0.2814 measured as the aggregated boundary distances. The degree of uncertainty of Sierra Leone is more than twice that of the Gambia that has a value of 0.1093. Likewise, Nigeria is ranked the 18th position using the GWSM which has a degree of uncertainty of 0.2633. A corresponding moderate degree of uncertainty of Guinea and Niger has improved it ranking from the 17th position and the 15th position using the cumulative DBP method to the 7th position and the 5th position, respectively. Lastly, we compare equal weights and grey weights using the GWSM. Liberia, Mali, and Niger are majorly affected by our investor's preferences. Mali that is ranked the 6th position using equal weights becomes the 13th position using grey weights, and Liberia that is the 13th position using equal weights becomes the 7th position using grey weights. The ranking of Niger from the 5th position using equal weights becomes 10th position using grey weights. The weights of the DMs did not affect the rankings of the Gambia, Equatorial Guinea, Nigeria, and Sierra Leone as the 1st, 4th, 18th, and 19th positions, respectively. The outcome of making a longterm investment in countries with lower uncertainty values is highly predictable. It is not unusual for different ranking methods to produce different rankings most especially under different conditions [78] . The degree of uncertainty, the boundary distance, plays a significant role in ranking the Gambia as the 1st country. Also, uncertainty and the weights of the criteria are the two factors for the difference in rankings using the DBP and GWSM methods.
Sensitivity Analysis
Sensitivity analysis is performed to show the robustness and the degree of uncertainty covered by the GWSM results. Through the sensitivity analysis, ranges of values for the input parameters and coefficients that do not affect the rankings can be obtained.
Whitenization Sensitivity.
The white value is dependent on the whitenization coefficient ( ). The whitenization coefficient helps to determine the minimum and maximum overall performances of the countries. The whitenization coefficient changes with an increment of 0.2 while keeping other input parameters unchanged. The results of the whitenization sensitivity when = 0, 0.2, 0.4, 0.6, 0.8, 1 are given in Table 5 , showing the effect of a change in on the rankings. Cape Verde, Côte d'Ivoire, the Gambia, and Guinea-Bissau are unaffected by the changes in whitenization coefficient. As increases, the rankings for Cameroon and Chad rankings become better, while the rankings for Benin, Ghana, and Mauritania become worse. Table 6 . The Gambia is ranked the 1st position over a long period (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , Ghana is ranked the 2nd position, and Cape Verde is ranked the 3rd position. However, for a short period 
Conclusion
All investors have their methods and criteria for deciding which country to invest. The World Bank has done a great work by providing the annual data on country's performances to help investors and researchers. However, care should be taken in making use of these data because the DBP approach cannot provide an evaluation over a period of years. In this regard, we have assessed the performances of the West African countries using a new method called GWSM. In evaluating the business environment, values of the criteria for all the alternatives are transformed to grey numbers based on their performances over the period of the year 2008 to the year 2015. A decision matrix is constructed and normalized, and then the weighted grey decision matrix is obtained, and uncertainties are considered in the evaluation. The main contribution of this paper is that GWSM can evaluate alternatives over a period of years, and it can open new possibilities for multiple hybrid evaluation methods. The ranking provided by the DBP presents a generalised ranking by using equal weights of the criteria in evaluating these countries. It is almost impossible for an investor to have an equal preference for all measurable criteria, that is, all criteria having equal weights. Grey weights of the criteria are obtained from investors measured as grey linguistic values. The GWSM provides a better evaluation result over a period of 8 years. The results obtained from the research ranked the Gambia as the 1st position in West Africa based on the degree of uncertainty. Cape Verde and Ghana are highly recommended. There should be deeper thought investing in Sierra Leone and Nigeria. Be sure these countries are in your line of business; for example, Nigeria is the oil giant in West Africa producing over 2.5 million barrels of crude oil per day [79] .
Future studies on reducing the numbers of criteria and further work on evaluating the DM's weights can be done because not all experts should be rated equally. Since some DMs have longer years of experiences and some have worked in different countries, all these account for their preferences. The GWSM is a framework for decision-making under uncertain decision environment. Other hybrid methods can be derived when GWSM is combined with existing MCDM weighing techniques, which may provide new methods to evaluate alternatives under uncertain decision-making environment.
